Baseline parameters and interferometric phase offset need to be estimated accurately, for they are key parameters in processing of InSAR (Interferometric Synthetic Aperture Radar). If adopting baseline estimation algorithm with single pass, it needs large quantities of ground control points to estimate interferometric parameters for mosaicking multiple passes dual-antenna airborne InSAR data that covers large areas. What's more, there will be great difference between heights derived from different passes due to the errors of estimated parameters. So, an estimation algorithm of interferometric parameters with block adjustment for multi-pass dual-antenna InSAR is presented to reduce the needed ground control points and height's difference between different passes. The baseline estimation experiments were done with multi-pass InSAR data obtained by Chinese dual-antenna airborne InSAR system. Although there were less ground control points, the satisfied results were obtained, as validated the proposed baseline estimation algorithm.
INTRODUCTION
Interferometric Synthetic Aperture Radar [1] [2] [3] (InSAR) is one of the potential techniques for earth observing and mapping. It develops rapidly. It can be used in topographic mapping [2] [3] , earth surface deformation monitoring, ice sheet motion monitoring [6] [7] , etc. And there are some prominent advantages in InSAR, such as fast, accurate, day and night data acquisition ability, all climates, large areas, etc. A main research work of InSAR is to derive accurate DEM (Digital Elevation Model) rapidly. Another active research work is to monitor surface deformation by Differential InSAR (DInSAR) [4] [5] [30] [31] . Some InSAR software systems have come forth. For example, EarthView INSAR coded by Earth View company, InSAR coded by ASF, and Doris InSAR, GAMMA, Sentinel Tool Box1, etc. There are many organizations in China that research InSAR techniques too. For topographic mapping, the dual-antenna airborne InSAR systems have been researched in many countries. The first European airborne single-pass interferometric SAR experiment for topographic applications was performed with DO-SAR during May 1994 [32] . The accuracy of DEMs generated by the JPL/NASA TOPSAR synthetic aperture radar interferometer instrument in the 1992 was evaluated by Madsen [33] . The highprecision DEMs are obtained over the Wadden Sea using the AeS-1 airborne interferometric radar in 2000 [34] . There are some institutes in China that research airborne InSAR systems. Baseline estimation is one of the key steps in processing of InSAR. Its accuracy affects the final accuracy of derived heights. There are some researches in baseline estimation and calibration. H. Eichenherr [28] introduced that the interferometric SAR data acquired by the airborne single-pass DO-SAR sensor required a block processing system in 1996. D.Small [29] compared different methods for phase to height conversion, where the baseline information could be estimated by several ways. J.Dall [9] introduced calibration of a high resolution 3D SAR which considered the multi-path effect in 1997. A.Roth [10] introduced a system named GeMoS (Geocoding and Mosaicking System) for the geocoding and mosaicking of interferometric digital elevation models in 1999. It can rectify phase offset and it has the ability of block adjustment. In 2000, J.J.Mallorqui [11] [12] introduced the interferometric calibration method based on sensitivity equation. And K.Sarabandi [8] [13] designed a phase calibration scheme for SRTM with objects' heights measured by D-GPS. In 2001, J.J.Mallorqui [14] compared the above two different calibration methods. And E.Chapin [15] introduced the calibration of an across track interferometric P-band SAR. J.Dall [16] researched interferometric calibration with nature distributed targets in 2002. O.Mora [17] introduced a multiple adjustment processor for generation of DEMs over large areas using SAR data in 2003. Wang Yan-ping [18] [19] researched the locating calibrators in airborne InSAR calibration in 2004. Most of the above achievements are aimed at single pair of interferometric data. If the relations between different data are not considered in baseline estimation or calibration of interferometric parameters for multiple passes dual-antenna airborne InSAR data that covers large areas, there will be the following two problems. Firstly, it needs enough Ground Control Points (GCPs) in each pass, so, large quantities of GCPs are needed for multi-pass InSAR data that covers large areas. Secondly, there will be notable height differencees in overlapping areas due to errors of baseline estimation. The idea of block adjustment is often used for obtaining plenty of GCPs that needed in mapping from less known GCPs in both optical photogrammetry and radargrammetry. In order to reduce the number of needed GCPs, the baseline estimation algorithm with block adjustment for multi-pass dual-antenna InSAR is presented in this paper. The baseline estimation experiments with block adjustment were done with multi-pass InSAR data obtained by Chinese dual-antenna airborne InSAR system. Although there were less ground control points, the satisfied results were obtained, as validated the proposed baseline estimation algorithm.
BASELINE ESTIMATION WITH BLOCK ADJUSTMENT
The airborne dual-antenna InSAR geometry was shown in Fig.1 . Where, 1 A is the phase center position of master antenna, which both transmits and receives radar signals. 2 A is the phase center position of slave antenna, which only receives signals.
H is the height of master antenna's phase center 1 A . R is the slant range between 1 A and the ground point P .
R is the slant range between 2 A and P .
R  is the difference between these two slant ranges (
h is the height of the ground point P . Baseline parameters can be described as length B which is the distance between 1 A and 2 A and angle which is the angle between baseline and horizontal line. And they can also be described as Parallel baseline || B and vertical baseline B  .
In Fig.1 ,
For dual-antenna airborne InSAR systems, the relationship between R  and unwrapped interferometric phase   can be described as:
Where, 0
 is the offset of unwrapped interferometric phase   , as should be calibrated.  is the wavelength of InSAR.
According to the geometry and theorem of driving DEM from InSAR, height h of ground point P can be calculated by
For obtaining better interferometric SAR images and deriving accurate DEMs, motion compensation in imaging should be carried out to reduce track errors and interferometric phase errors. During the motion compensation, both of the baseline parameters including length B and angle  are forced to be referenced values. Actually, the baseline parameters change slightly due to inaccurate motion compensation. Considering the accumulation of errors and the processing abilities of computers, the data were processed in blocks when imaging. In each block, the reference track is different. And the baseline parameters in a block are seemed as invariable. The interferometric processing in each block is independent, and the interferometric phases between different blocks are discontiguous, the interferometric phase offsets 0  are different. In order to mosaic the phases and the derived DEMs easily, the blocks overlap in some degree, as is shown in Fig ( , , , ) ( , , , )
When considering existence of errors, it can be described as formula (8) .
Where, the initialization of 
The coefficients of linearized parameters are list as follows: 
Formula (9) can be described by matrix equation (11):
Where,
It needs N ( 3 N  ) GCPs to estimate interferometric parameters in each block. Assuming that there are no errors on heights of GCPs, Formula (11) and (12) can be converted to: 
The results can be got with: The calibration flowchart with GCPs in a block is shown in Fig.4 . Where, 1 2 3 ,, T T T are the thresholds for deciding whether to iterate. It needs lots of GCPs to obtain accurate interferometric parameters in a large area if only adopting GCPs to estimate interferometric parameters, for it needs at least 3 GCPs in each block. In order to illuminate the issue, Fig.5 is used, which includes two passes of interferometric SAR data. If the baselines parameters and phase offsets of the two passes are estimated by single pass baseline estimation method, which only uses the GCPs covered in corresponding image, more than 3 GCPs are needed because each pass needs at least 3 GCPs. The more passes, the more GCPs are needed. Both GCPs and Tie Points(TPs) in the two passes can be used. For GCPs, the unwrapped phases and the heights are known. While for TPs, only the unwrapped phases are known, but TPs are in overlapping regions and their heights calculated in different blocks (or passes) are deemed as equal. In Fig.6 , the parameters need to be calibrated are totally 6, which include 1 1 10 ,,
B  (in pass1) and 2 2 20 ,, 
There are two error equations for each TP. All of the error equations for TP3 TP4 and TP5 are list as follows: 
In formula (16) and (17) , there are totally 9 unknown parameters: 1 1 10 ,, B  , 2 2 20 ,, 5 TP h . And the number of all independent equations is 9. So, the 9 unknown parameters can be solved. The flowchart of solution is similar to the one shown in Fig.4 . The 9 unknown parameters are needed to be set initial values to solve their optimal values with iterative algorithm. From the above analysis, we know that 3 GCPs and some TPs can work effectively by adopting estimation method with block adjustment for 2 passes. With the increasing of passes, 3 GCPs can still work well. It can be seen through formula (22) . In the formula, n represents the number of passes, k represents the number of the needed TPs. The left part of the equation is the total number of error equations, which includes 3 for 3GCPs and 2k for k TPs. The right part of the equation is the total number of the unknown parameters, which includes 3n for n passes of interferometric parameters need to be estimated and k for k heights on TPs.
For example, if number of passes is 10 ( 10 n  ), it needs 27 TPs ( 27 k  ). So it can reduce the numbers of needed GCPs effectively by adopting baseline estimation method with block adjustment.
BASELINE ESTIMATION EXPERIMENTS
In order to validate the proposed baseline estimation method, the multi-pass InSAR data that covered some areas in Shandong, China, were applied to do experiments. These data were obtained by dual-antenna airborne InSAR system researched independently by Institute of Electronics, Chinese Academy of Sciences. The data covered some plain areas and some mountain. The systemic parameters related to experiments were list in Tab. The intensity images of selected blocks are shown in Fig.8 . In order to calibration, the GCPs were selected according to the features in images, and their coordinates were measured by differential GPS. The GCPs' distributions for two blocks in pass 0001 were Data 0001_04 and Data 0001_03. The GCPs' distributions for blocks in pass 1001 were Data 1001_04 and Data 1001_03. The heights of GCPs are list in Tab.2. The distributions of selected TPs were shown in Fig.9 . The parameters calibrated with single pass (or Block) calibration method were list in Tab.3. In Scene 1001_03, there are just two GCPs, so it's unable to calibrate 3 interferometric parameters by single pass (block) calibration algorithm because the number of GCPs is not enough (it needs at least 3 GCPs). While adopting calibration method with joint adjustment, the interferometric parameters for 1001_03 can be successfully calibrated due to applying TPs. All of the calibrated parameters were shown in Tab.4. 
CONCLUSIONS
It's significant to estimate interferometric parameters for the applied surveying and mapping with airborne dual-antenna InSAR systems. Baseline parameters and interferometric phase offset are key parameters to be estimated. Their errors will reduce the heights' accuracy. In order to apply the airborne dualantenna InSAR systems in large areas' topographic surveying and mapping, the baseline estimation algorithm with block adjustment for multi-pass InSAR data was presented to reduce the needed ground control points and the heights' difference between different passes. The baseline estimation experiments with block adjustment were done with multi-pass InSAR data obtained by Chinese dualantenna airborne InSAR system. Although there were less ground control points, the satisfied results were obtained. It can reduce the heights' difference obviously by adopting the proposed baseline estimation algorithm.
